Aims To examine whether the development of obesity with age was different for individuals with and without a spouse with diabetes.
Introduction
The risk of becoming obese is increased among people whose spouse is obese [1] , particularly if the couple show concordance of health behaviours, such as smoking and diet quality [2] . Similarly, spousal diabetes history increases the risk of developing diabetes even after adjusting for BMI [3] .
Although spousal concordance in diabetes and cardiovascular disease risk factors has been studied in different populations, the majority of studies are cross-sectional [3] [4] [5] [6] [7] [8] [9] . Evidence from prospective studies and particularly studies assessing changes in obesity in spouses is limited [1, 2, 10] . We examined whether the development of obesity with age was different for individuals with and without a spouse with diabetes.
Participants and Methods
We analysed data from the English Longitudinal Study of Ageing (ELSA) [11] . ELSA is a representative cohort study of people aged ≥50 years living in England. Since 2002 it has collected broad and detailed information on health, socio-economic status and the ageing process [12] . Sample members are drawn from respondents to the Health Survey for England (HSE), who are then interviewed face-to-face or complete a self-report questionnaire every 2 years and undergo clinical examinations every 4 years. For the present analysis, we used data from the original sample interviewed in the HSE in 1998/1999/2001 (baseline), and during wave 2 (2004/2005) , wave 4 (2008/2009 ) and wave 6 (2012/2013), which corresponded to physical examinations and biomarker assessments during nurse visits. After excluding individuals without a spouse living in the same household (n=3393) and those without available information on spousal diabetes status (n=335), BMI (n=412), education level (n=69) or smoking status (n=1), we analysed information on index individuals who were diabetes-free at baseline and were married to or living with an opposite-sex partner (hereafter referred to as 'spouse', 'wife' or 'husband'). Our study sample included 7123 individuals, with a median (interquartile range) age of 59 (53-67) years, of whom 51% were men. All participants provided written consent and the London multicentre research ethics committee granted ethical approval for all waves and components of ELSA.
Outcomes of interest were BMI and waist circumference, as assessed by trained nurses during the clinical examinations. The main exposure was having a spouse with diabetes, which was defined by (i) questionnaire-based selfreported medical diabetes diagnosis, (ii) pharmacological treatment of diabetes (except for baseline year 2001 where diabetes was defined by self-reported diagnosis only), or (iii) screening during one of the clinical examinations [fasting blood glucose ≥7 mmol/l or HbA 1c ≥48 mmol/mol (≥6.5%)]. Potential confounders, namely, education level (lower than high school or equivalent; high school or equivalent; degree level or equivalent; or foreign education/ other educational qualification) and smoking status (never, former or current smoker), were self-reported at baseline and considered time-independent variables. Missing values for BMI were distributed as follows: wave 0, 8.0%; wave 2, 14.6%; wave 4, 15.6%; and wave 6, 17.2%. Missing values for waist circumference were: wave 0, 22.8%; wave 2, 13.2%; wave 4, 14.7%; and wave 6, 15.9%.
Statistical analysis
After testing for outlier values with Grubbs test, we excluded BMI values ≥70 kg/m 2 (one-person observation in a male participant). We fitted quadratic age trajectories using mixed-effects models stratified by sex; random intercepts were included by participant ID. As spousal diabetes status was considered time-dependent, individuals with a spouse without diabetes contributed to the relevant obesity trajectory. If the spouse developed diabetes, they started to contribute to the other trajectory. Models were adjusted for education, smoking status and the corresponding age interaction terms (age*spousal diabetes status and quadratic age*spousal diabetes status). In addition, we assessed spousal concordance of outcomes at baseline using Spearman's correlation coefficient.
To address a potential healthy survivor bias, we performed a sensitivity analysis including only individuals with available information from wave 6 who underwent BMI assessment. We also performed analyses to test the effect of changing marital status (divorced/separated/widowed) on the observed association, as well as spousal BMI and waist circumference adjustment. Data were analysed using R statistical analysis software [13] with the 'nlme', 'Epi' and 'outliers' packages.
Results
The baseline prevalence of diabetes was 4.4%. This was higher among husbands (5.7%) than wives (3.0%; Table 1 ). BMI and waist circumference were slightly higher among individuals with a spouse with diabetes than among individuals with a spouse without diabetes. A higher percentage of individuals with a spouse with diabetes had an education level lower than high school or equivalent than did individuals with a spouse without diabetes. There was a slightly higher percentage of current smokers among individuals with a spouse without diabetes than among those with a spouse with diabetes. The correlation of BMI and waist circumference within couples was r = 0.17 (P<0.001) and r =0.24 (P<0.001), respectively.
Coefficient estimates from the mixed models of change for BMI and waist circumference can be found in Table S1 . Figure 1 shows age-related trajectories of BMI and waist circumference stratified by sex (BMI values differ from those in Table 1 because they show predicted values based on the model output, which adjusts for smoking and education level).
Between age 50 and 65 years BMI increased by 1.6 kg/m 2 (95% CI 0.9 to 2.3) among men with a wife with diabetes compared with 0.9 kg/m 2 (95% CI 0.7 to 1.0) among men with a wife without diabetes. BMI change in this age span was 0.7 kg/m 2 (95% CI 0.02 to 1.4) higher among men with a wife with diabetes. The rate of change was -0.4 kg/m 2 (95% CI -1.0 to 0.07) between ages 65 and 80 years. Women with a husband with diabetes had higher BMI values than women with a husband without diabetes at the beginning of the follow-up. At age 55 years BMI was 0.6 kg/m 2 (95% CI 0.1 to 1.0) higher among women with a husband with diabetes than in those with a husband without diabetes; these differences were observed until the age of 65 years.
What's new?
• The risk of becoming obese is increased among people whose spouses are obese; however, less is known about the BMI trajectories in individuals after their spouse is diagnosed with diabetes.
• We used prospective data to examine age-related trajectories of obesity indicators by spousal diabetes status. Having a spouse with diabetes was associated with higher levels of obesity during middle and late adulthood in both sexes.
• We found a positive association between spousal diabetes status and obesity development, which differed by sex among middle-aged individuals. Waist circumference followed similarly shaped trajectories by spousal diabetes status among men and women, increasing by 5.6 cm (95% CI 3.2 to 7.9) between ages 50 and 65 years among men with a wife with diabetes and by 4.8 cm (95% CI 4.0 to 5.0) among men with a wife without diabetes. Waist circumference increased by 6.1 cm (95% CI 4.4 to 7.8) among women with a husband with diabetes and by 6.9 cm (95% CI 6.4 to 7.4) among women with a husband without diabetes in the same age range. Individuals with a spouse with diabetes had higher waist circumference values than those with a spouse without diabetes throughout follow-up. For example, at age 65 years, waist circumference was 1.3 cm (95% CI 0.4 to 2.3) higher among men and 1.7 cm (95% CI 0.8 to 2.5) higher among women with a spouse with diabetes than in those individuals with a spouse without diabetes.
Results from the sensitivity analysis (n=2466; 35% of the cohort) showed similar BMI and waist circumference trajectories to those in our main results (data not shown), even though individuals with a spouse with and without diabetes were closer to each other. Furthermore, BMI and waist circumference age trajectory shapes did not change substantially on adjustment for spousal obesity, while differences between groups became smaller when adjusting for timedependent marital status, spousal BMI and waist circumference ( Figures S1 and S2 ).
Discussion
Compared with individuals without spousal diabetes, we show that individuals with a spouse with diabetes had higher levels of both central and overall obesity from age 55 years until age 65 years.
Within the literature on spousal concordance in diabetes risk factors, longitudinal BMI changes have been studied as a function of spouses' BMI change. Cobb et al. [2] suggest that an individual has almost double the risk of becoming obese if their spouse becomes obese. From a cross-sectional perspective, Patel et al. [14] suggest that obesity is associated with spousal diabetes status. We extend these observations using longitudinal data on age-related obesity trajectories by spousal diabetes status.
Spousal concordance in diabetes risk factors might be attributable either to people choosing a partner who is similar (assortative mating) or to joint development of risk because of the environment shared by the couple. Previous studies suggest that BMI-assortative mating occurs more frequently at the extreme of the BMI distribution [15] , but also that spousal BMI and waist circumference correlations were similar regardless of length of marriage [16] . We found similar spousal BMI correlations and higher spousal waist circumference correlations than those previously reported [2, 4] . Unfortunately, we were not able to study the role of length of marriage as there was a large proportion of missing values (19-34%) for this variable. The development of Type 2 diabetes and obesity are closely linked to the quality and quantity of diet, and a study has shown spousal concordance in food choices cross-sectionally and over time [8] .
To our knowledge, this is the first prospective study to evaluate sex-specific BMI changes by spousal diabetes status in a large representative sample of individuals in middle and late adulthood. Strengths of this study were that the outcome and exposure were observed at up to four time points during a period of 10-12 years and that our trajectory analysis allowed us to use these repeated measurements despite the unbalanced structure of the data. The study limitations include low statistical power because of the small number of diabetes cases. In addition, it was not possible to distinguish between Type 1 and Type 2 diabetes diagnoses in our analysis; however, as the vast majority of people developed diabetes after the age of 50 years, the number of Type 1 diabetes cases was likely to be very small and was unlikely to have strongly affected our results. Regarding ethnicity, our data indicated if a participant was white or non-white; however, given the very low numbers of non-white people in our cohort (~3%) and the lack of granularity in this variable, we chose not to adjust for ethnicity in our models. Finally, we cannot exclude the possibility that our results were partly driven by selection bias.
Diabetes diagnosis implies a contact between the couple and health system, which obesity alone probably does not. When a clinician is treating a person with diabetes, our results suggest that the spouse also deserves attention with regard to their obesity level and obesity development risk. In this sense, diabetes may serve as a risk indicator for the couple's obesity status.
In conclusion, we found a positive association between spousal diabetes status and obesity development, which differed by sex among middle-aged individuals. Evidence from couple-based interventions is needed to test whether these strategies can improve the current individual-focused public health strategies for obesity prevention. developed by researchers from the University College London, the Institute of Fiscal Studies, and the National Centre for Social Research, UK. The developers and funders of ELSA do not bear any responsibility for the analyses or interpretations presented here. Data were accessed via the UK Data Service under the data sharing agreement #91400. ELSA data are available for all registered users at the UK Data Service website (https://discover.ukdataservice.ac.uk/catalogue/?sn=5050& type=Data%20catalogue; accessed 27 October 2017).
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